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ABSTRACT 
 
In the present study, temporal variation in the activity of airborne radon in an ambient air 
environment near the Dept. of Environmental Science, the Bangalore University campus was 
recorded at a time intervals of 2 hrs for a period of 8 days, using RAD7 analyzer employing 
continuous 1-day protocol. Air-borne radon activity ranged from BDL to 17.70 Bq/m3 with a 
mean value of 5.56 ± 4.38 Bq/m3(hourly-basis) and 5.39 ± 1.48Bq/m3 (day-wise), being less 
than the EPA (148 Bq/m3) and WHO (100 Bq/m3) prescribed action levels. Major portion 
(82.76%) of the radon measurements was in the range of 0.0 and 9.0 Bq/m3. An attempt was 
made to establish annual effective dose to basal cells of the bronchial epithelium due to 
inhalation of radon and was found to be < 0.40 mSv/y. Due to existence of less ventilation in 
the indoor environment, indoor radon activity remains higher than the outdoor radon activity, 
Overall, the health hazards related to radiation from outdoor radon activity are expected to be 
negligible and relatively safe.   
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1. Introduction 
 
Radon, being a radioactive gas from the uranium decay chain, has been known to be the 
highest source of radiation exposure in human beings (UNSCEAR, 1988 and 2000) due to its 
radioactivity and consequent risk of radiation-induced cancer. The measurement of indoor 
and outdoor radon concentration is useful to determine the radiological risk caused by radon, 
which is mainly related to short-lived radon decay products (Martinez et al., 1998). It has 
been established that the dose due to the inhaled radon progeny (and radon) accounts for 
more than 50% of the total radiation dose that the general public receive from both natural 
and man-made sources (UNSCEAR, 2000; EPA, 1991).  Hence, risk projections imply that 
radon is the second leading cause of lung cancer after smoking (WHO, 2005). Further, ICRP 
(1990) has recommended that exposure to high radon levels should be considered as 
occupational exposure and remedial actions need to be initiated in such situations.  
 
Substantial attention has been paid to radon in recent years, particularly the problems of 
exposure to radon and its progeny / decay products in buildings and dwellings the as 
everybody is exposed in daily life to radon present in the atmosphere everywhere 
(UNSCEAR, 2000; EPA, 1991) due to their detrimental effects on health of inhabitants. This 
is because, in indoor and outdoor spaces (such as houses, apartments, office, etc.), radon 
originates by emanation from under the base soil and building materials; also, it is released 
from materials brought into the room, such as radon-rich water or natural gas fuel, and radon 
in inlet air, which may in turn have a normal concentration of the gas or an increased 
concentration derived from sources outside the room. The measurement of concentration of 
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radon and their progenies in air (indoor and outdoor) serves as one of the important aspects of 
background radiation measurements. The primary hazards of radon in the form of effective 
dose and the derived risks are mainly associated with the inhalation of short-lived decay 
products: 218Po (3.05 min), 214Pb (26.8 min), 214Bi (19.9 min), and 214Po (164 μs) of which 
polonium (218Po and 214Po) is an alpha-emitter. The radon progeny tends to collect on the 
aerosol particles in the atmosphere and upon inhalation of ambient air, radon particles 
carrying daughters enter and deposit in the bronchial air passages and in the lungs.  
Subsequently, bronchial dose will be induced by the alpha particles emitted by the decay of 
deposited radon daughters, which irradiate, bombard and damage the surrounding sensitive 
lung tissues / cells, and continued exposure may lead to malignant transformation, which 
results in lung cancer [Darby et al., 2005; Neuberger et al., 1996; Harley and Harley, 1990; 
Miles, 1988]. Hence, an attempt has been made in the present study to understand the levels 
of airborne radon followed by estimation of the extent of natural radiation exposure. 
 
2. Material and methods 
 
A preliminary effort was made in the present investigation to study variation in air-borne 
radon activity in the outdoor environment near the Department of Environmental Science, 
Bangalore University, Bangalore using RAD7 radon analyzer system for a week period. The 
complete measurement techniques of radon estimation are given elsewhere (Ravikumar and 
Somashekar, 2013; Ravikumar et al., 2015). The surface deposited / airborne / ambient radon 
activity near the study area was recorded a time interval of every 2 hrs (involving 48 recycles 
and 2 h cycle time) for a period of one week (~ 8 days) by employing continuous 1-day 
monitoring protocol available in the RAD7 radon analyzer in the first quarter of April 2009. 
Finally, 222Rn activities are expressed in Bq/m3 (disintegration per second per m3) with 2-
uncertainties. 
 
The action level is an upper limit at which mitigation or reduction in the concentration should 
be performed if required to combat the health impact of radon or to take remedial measures / 
recommend mitigation. Accordingly, Different action level values prescribed by various 
agencies are in use across the world for indoor radon in building dwellings such as 148 Bq/m3 
(EPA, 1991), 100 Bq/m3 (WHO, 2009), 400 Bq/m3 (EC, 1990), 200-600 Bq/m3 (ICRP, 1993) 
and 200 Bq/m3 for houses and 400 Bq/m3 for the workplace (NRPB, 1990) and the Irish 
reference level is 200 Bq/m3 (ICRP, 1993).                
 
Figure 1: Experimental set-up 
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2.1 Estimate of the radon exposure and radiation hazards scenario 
 
Radon is most effective in the outdoor environment of dwellings and work places as the 
health-related hazards of radon arise because of the inhalation of air containing radon and its 
decay products.  Hence, it is very essential to evaluate annual effective equivalent dose (ED) 
received by bronchial and pulmonary regions of human lungs due to inhalation of air-borne 
radon to discern their extent of harmful effects. For air-borne air, the annual mean effective 
dose was calculated according to parameters introduced by a UNSCEAR report (2000) as: 
 
(or) 
 
 
where QRn is the air-borne radon concentration (Bq/m
3), Ef is the equilibrium factor between 
radon and its decay products for indoor and outdoor (i.e., 0.45 and 0.6; ICRP, 1994a,b), Df is 
the dose conversion factor for radon exposure (9 nSv/h per Bq/m3; UNSCEAR, 2000), T is 
the time duration (24 h* 365 days= 8760 hrs/yr) and Of is the indoor / outdoor occupancy 
time factor per person of 0.8 and 0.2 (UNSCEAR, 1988). Of this 8760 h/y, people spend 
80 % of the time at indoor spaces like home and office (viz.,0.8 × 24 h × 365= ~7,008 h) and 
remaining 20% fall under outdoor occupancy (viz., 0.2 × 24 h × 365 = 1752 h/y). 
 
It is also necessary to estimate the effective dose per unit radon gas exposure, when 
exposures to radon (and radon progeny) are to be compared to the exposure from other 
radiation sources. Hence, dose rate due to alpha-radiation to soft tissues, lung and effective 
dose equivalent rate per hour was attempted following procedures given in the articles by 
Alharbi and Abbady (2013), Alenezy (2014) and Mahdi et al., (2014). Inhaled radon, being a 
noble gas, is constantly present in the air volume of the lungs at the concentration in air (XRn, 
air) and is partly dissolved in soft tissues. Taking the solubility factor for the soft tissues to be 
0.4 and assuming that the short-lived decay products decay in the same tissue as radon gas, 
the following relationship for soft tissues other than the lungs was derived (ICRP, 1981, 
UNSCEAR, 1988): 
 
 
In the case of the lungs, in addition to the dissolved radon, the radon content of air in the 
lungs must be taken into account. Assuming the air volume in the lungs to be 3.2 × 10−3 m3 
for the “Reference Man” and assuming further that the short-lived decay products will stay in 
the lungs, the dose rate due to alpha-radiation was determined as (ICRP, 1981 and 1993; 
UNSCEAR, 1988): 
 
 
Taking a quality factor of 20 for alpha-radiation and applying a weighting factor of 0.12 for 
the lungs and of 0.88 for other tissues, the effective dose equivalent rate per hour was 
calculated as 
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3. Result and Discussion       
             
Temporal variation in outdoor radon concentration and their respective equivalent doses are 
discussed here. Air-borne outdoor radon activity ranged from BDL to 17.70 Bq/m3 over a 
period of 8 days (Figure 2). Similar hourly (5.56 ± 4.38 Bq/m3) and day-wise (5.39 ± 1.48 
Bq/m3) mean variation of outdoor radon activity has been observed. Frequency distribution of 
outdoor radon levels is given in Figure 3, which surprisingly demonstrates that, the major 
portion (82.76%) of the radon measurements are distributed between 0.0 and 9.0 Bq/m3. The 
mean outdoor radon activity of 5.56 Bq/m3 in the present study was relatively lower than the 
mean indoor radon activity of 20.71 Bq/m3 (range: BDL to 67.10 Bq/m3) reported by 
Ravikumar et al., (2015), attributed to difference in ventilation systems in the indoor and 
outdoor environment.  
 
Overall, the mean outdoor radon recorded in the present study was very less compared to 
their action level values recommended by EPA (148 Bq/m3), WHO (100 Bq/m3), EEC (400 
Bq/m3), ICRP (200-600 Bq/m3) and NRPB (200 Bq/m3). It is also very apparent from the 
present study that the recorded air-borne radon activity was relatively high during morning 
hours (between 4 am to 11 am) compared to late evenings (Figure 4), attributed to diurnal 
temperature inversion which appears to affect the radon activity and their emanation from 
nature.   
 
       Figure 2: Time series plot showing   Figure 3: Frequency distribution plot                 
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Figure 4: Diurnal variation in Indoor radon activity  
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3.1 Results of radon exposure and radiation hazards 
 
The annual effective dose received by bronchial and pulmonary regions of human lungs due 
to air-borne radon exposure was calculated for both outdoor and indoor environments, 
considering that radon activity will be similar in both the environment. The calculated 
effective equivalent doses for indoor and outdoor environments was respectively <0.40 
mSv/y (mean: 0.13 ± 0.10 mSv/y) and < 0.033 mSv/y (mean: 0.011 ± 0.008 mSv/y). It is 
evident that the annual effective dose due to indoor radon exposure is higher than the outdoor 
radon exposure (Figure  5), mainly due to less air circulation in the indoor environment.  
Since, residents spend longer time at indoor environment (viz., house and office), wherein 
radon concentrations are normally higher than the outdoor environments due to the fact that 
the radon enters into the rooms from joints and cracks, ventilation needs to be improved to 
reduce the radon content of ambient air in the indoor environment. The overall effective 
equivalent dose (< 0.40 mSv/y) is less than the recommended global average dose from the 
inhalation of radon from all sources, which is approximately 1 mSv/y (UNSCEAR, 2000; 
WHO, 1993), which is in turn less than half the total natural radiation exposure of 2.4 mSv/y 
(UNSCEAR, 1988). The estimated annual effective dose equivalent to the corresponding 
measured radon concentration was also very negligible compared to the range of ICRP 
(1993) recommended action level of 3–10 mSv/y. 
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Figure 5: Time series plot showing temporal variation in equivalent dose  
 
The effective dose equivalent rate per hour was less than or equal to 3.186 nSv/h in the 
present study (Figure 6). The dose rate due to alpha-radiation to the soft tissues of the lungs 
and the human lungs was less than or equal to 0.089 and 0.708 nGy/h respectively (Figure 6). 
These findings are in agreement with the findings of Alharbi and Abbady (2013), Alenezy 
(2014) and Mahdi et al., (2014) in that the dose relationship from radon measurements in 
outdoor air is higher for human lungs compared to the soft tissues of the lungs.  
 
4. Conclusion 
 
Radon is a naturally occurring, hazardous, radioactive pollutant that always exists in our 
surroundings which is one of the causes for physical disorders such as lung cancer. On the 
basis of the current results (viz., radon activity and their effective doses), it can be concluded 
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that the levels of outdoor radon are well within acceptable values, demonstrating relatively 
safe environment with negligible health hazards.   
 
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
1 2 3 4 5 6 7 8
D
o
se
 R
at
e
 p
e
r 
H
o
u
r
Days
Dose (Soft tissues), nGy/h
Dose (Lungs), nGy/h
Effective dose per hour (nSv/h)
 
Figure 6: Variation in the values of Dsoft tissues, DLung and effective dose equivalent rate 
 
In case, the radon level goes beyond the prescribed action levels, natural and forced 
ventilation could be followed to reduce the radon content of their ambient air in order to keep 
the dwellings more clean and safe, which in turn could be made possible by frequent 
monitoring of indoor and outdoor radon level.   
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